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Abstract: This paper surveys the present creates occupancy monitoring and multi-modal data fusion 
approaches for smart commercial structures. Within this paper, we surveyed and examined the present 
efforts for occupancy monitoring in smart structures for energy efficiency purposes. Particularly, we first 
identified the issue types that are based on people occupancy. Wireless APs happen to be used extensively 
for indoor localization previously. These works, however, concentrate on individual user localization, 
presuming that the individual has a wireless device and often an application around the user’s system is 
needed. A comparative analysis of existing approaches and future predictions for research challenges will 
also be provided. Enabled by such occupancy monitoring abilities, you will find extensive possibilities for 
increasing the energy use of structures via smart Heating and cooling control. The aim would be to lay 
lower a framework for future research to take advantage of the spatio-temporal data acquired from a 
number of various IoT devices for example temperature sensors, surveillance cameras, and RFID tags 
which may be already being used within the structures. 
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I. INTRODUCTION 
This paper provides a research for the existing 
approaches that really help address this issue your 
clients' needs using multi-modal data fusion that's 
collected within the existing IoT network. By 
permitting an easy monitoring and communication 
infrastructure including smart devices for instance 
sensors, cameras, RFIDs, meters, and actuators. 
These smart devices, along with communication 
infrastructure, are classified as Internet of 
merchandise. This real-time occupancy status 
information can be utilized in several applications 
controlled when using the BMS. We evaluate their 
abilities to cope with problems of precision, cost, 
intrusiveness and privacy [1]. An info fusion 
process might boost the precision of occupancy 
recognition along with a little intrusiveness. The 
BMS manage various crucial parts of the structures 
for instance heating, ventilating, and ac, gas, 
lighting, home alarm system, and fire system, 
therefore it may speak with the IoT devices. 
Precision, cost and intrusiveness are inter-related 
meaning while using the elevated cost, you'll be 
able to deploy additional devices while growing the 
truth inside the system but nevertheless time raise 
the intrusiveness [2].We finally consider data 
fusion approaches and investigate the simplest way 
to be exploited to create harder occupancy 
monitoring techniques that could significantly 
decrease the energy call time dwelling Method. 
 
Fig.1.Overview of the system 
II. METHODOLOGY 
Occupancy recognition in the public spaces, 
however, is a lot more challenging. Typically, these 
public spaces either can be monitored via other 
means or instantly considered occupied for Cooling 
and heating applications. Occupancy counting 
problem, there are 2 versions from the problem: 
First, counting everybody inside the whole 
building. Second, counting people based on some 
predefined zones. Occupancy Tracking problem 
may very well be since the superset in the above 
problems [3]. It-not just detects people, but 
furthermore counts, locate, and tracks them. 
Through occupancy event/behavior recognition, the 
conduct research in to the individuals is possible 
and useful for intelligent Cooling and heating 
control. When investigating these issues, 
researchers reliable several network and IoT 
devices. Wireless APs are actually used extensively 
for indoor localization formerly. These works, 
however, focus on individual user localization, 
presuming the individual includes a wireless tool 
and frequently a credit card application round the 
user’s product is needed. Nevertheless, a couple of 
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those works can nevertheless be leveraged in 
occupancy monitoring. Clearly, there is a 
significant cost connected while using hardware, as 
well as the design, setup and maintenance from the 
information collection network [4]. Therefore, 
likely to analysis trend recently towards using 
existing communication infrastructure, such as the 
broadly available Wireless AP infrastructure in 
structures. The essential way to obtain user facts 
are the Authentication, Authorization and 
Accounting (AAA) Wireless logs that's augmented 
with metadata information for instance occupant 
identity, Wireless MAC address and AP location 
within the building to boost the truth of occupancy 
recognition further. The idea is always to make use 
of a packet analyzer every single AP and capture 
each incoming packet via tcpdump. The packets 
receive to some primary computer via SSH link to 
extract MAC addresses as well as the 
corresponding RSSI values. The inaccuracies 
mostly are associated with aggressive power 
management by smart phones which stop their 
Wireless connections temporarily. The Wireless-
based approach uses an invasion recognition tool, 
namely SNORTS, to judge HTTP traffic and 
identify mobile phones that are connected. Once 
the MAC address from the product is identified, the 
AP it's associated with may be used to have the 
zone in the cell phone. The final results revealed 
that PIR sensors that attach to computer monitors 
give you the best precision. DHCP approach had 
issues since one could get associated with different 
APs when walking in a variety of locations that 
might not necessarily indicate its actual zone. 
Tracking moving trajectories can help to overcome 
the occlusion problem, however it must handle the 
complexness of numerous motion pathways 
observed by various parts of a moving body and 
intersecting pathways of multiple people. 
Regression methods can help to count directly 
however they don't provide information regarding 
where individuals actually are. An important 
volume of algorithms rely on motion information 
[5]. However, additionally, there are indoors or 
outdoors environments where individuals may have 
without any motion. The cameras use lightweight 
algorithms to complete background extraction and 
object recognition before the details are sent to an 
info server. So that you can address these 
shortcomings, further introduces a Markov Chain 
model. A lot of the initial works in occupancy 
monitoring considered deploying special sensors 
within the building so that you can identify 
presence. While sensors are often familiar with 
complement another approaches, there has been 
some works which solely used sensors. 
Experimental results demonstrate that the HMMs 
model the quantity of occupants in the zone more 
realistically, as it could discount sudden short 
modifications in the occupancy level, therefore it 
may keep a constant occupancy level during static 
periods. For data fusion, a radial basis function 
neural network may be used within an Arduino 
device that can take multiple physical information 
as inputs, and outputs an occupancy count in the 
room, by way of several between - 10. The physical 
inputs might be instant variables, count variables, 
and average variables. During real-time 
localization, first, a tentative client location is 
considered while using received wireless LAN 
signals plus a sparse Bayesian learning technique. 
This location will come to terms with search 
natural feature points inside the image database to 
boost the localization precision [6]. Using the 
measurement data, a considerable correlation 
remains reported involving the occupancy pattern 
as well as the building energy consumption. A 
process for fusing the information from Bluetooth 
and Wireless technologies for improved indoor 
localization is recommended. Combination of 
Wireless, sensors, cameras as well as other sources 
concurrently wasn't investigated whatsoever. 
III. CONCLUSION 
In this way, the main challenges we picture will be 
to achieve occupancy monitoring inside a 
minimally intrusive way, e.g., while using existing 
infrastructure within the structures and never 
requiring installing of any apps within the users’ 
smart devices, and also to develop effective data 
fusion approaches for improving occupancy 
monitoring precision using numerous sources. We 
discussed yesteryear research that exclusively 
centered on using sensors and cameras. Finally, we 
investigated the present efforts where IoT makes 
picture using the participation of smart phones, 
motion sensors and Wireless APs. The present 
approaches indicated a pattern towards using 
existing IoTs that are offered inside the structures. 
We concluded the paper by identifying major 
future trends within this emerging area. With the 
aim of using minimal software and hardware costs, 
future smart structures possess a great possibility to 
save energy by using smart control strategies on 
Heating and cooling with the assistance of data 
collected via IoT. 
IV. REFERENCES 
[1]  P. Bahl and V. Padmanabhan, “RADAR: an 
in-building RF-based user location and 
tracking system,” in INFOCOM 2000. 
Nineteenth Annual Joint Conference of the 
IEEE Computer and Communications 
Societies. Proceedings. IEEE, vol. 2, 2000, 
pp. 775–784 vol.2.  
[2]  Z. Yang, N. Li, B. Becerik-Gerber, and M. 
Orosz, “A multi-sensor based occupancy 
estimation model for supporting demand 
driven hvac operations,” in Proceedings of 
Gunti Jyothi* et al. 
  (IJITR) INTERNATIONAL JOURNAL OF INNOVATIVE TECHNOLOGY AND RESEARCH 
 Volume No.5, Issue No.1, December – January 2017, 5458-5460. 
2320 –5547 @ 2013-2017 http://www.ijitr.com All rights Reserved.  Page | 5460 
 
the 2012 Symposium on Simulation for 
Architecture and Urban Design, 2012, p. 2. 
[3]  T. van Oosterhout, S. Bakkes, and B. J. A. 
Krse, “Head detection in stereo data for 
people counting and segmentation.” in 
VISAPP, L. Mestetskiy and J. Braz, Eds. 
SciTePress, 2011, pp. 620–625. 
[4]  K. P. Lam, M. H¨oynck, B. Dong, B. 
Andrews, Y.-S. Chiou, R. Zhang, D. 
Benitez, J. Choi et al., “Occupancy 
detection through an extensive 
environmental sensor network in an open-
plan office building,” IBPSA Building 
Simulation, pp. 1452–1459, 2009. 
[5]  S. K. Ghai, L. V. Thanayankizil, D. P. 
Seetharam, and D. Chakraborty, 
“Occupancy detection in commercial 
buildings using opportunistic context 
sources,” in Pervasive Computing and 
Communications Workshops (PERCOM 
Workshops), 2012 IEEE International 
Conference on. IEEE, 2012, pp. 463–466. 
[6]  K. Nyarko and C. Wright-Brown, “Cloud 
based passive building occupancy 
characterization for attack and disaster 
response,” in Proc. IEEE Int. Conf. 
Technologies for Homeland Security (HST), 
2013, pp. 748–753. 
